The authors examined the association between the intake of different dairy products and the risk of bladder cancer in 120,852 men and women aged 55-69 years participating in the Netherlands Cohort Study on Diet and Cancer. Dairy product intake was assessed in 1986 by using a 150-item food frequency questionnaire. The cohort was followed for 16.3 years, and 1,549 incident cases of bladder cancer were analyzed. Cox proportional hazards analysis was applied with a case-cohort approach by using the follow-up data of a random subcohort (n ¼ 5,000). Multivariate hazard ratio estimates comparing the highest with the lowest quintile of total dairy intake were 1.01 (95% confidence interval (CI): 0.81, 1.27; P trend ¼ 0.68). A statistically significant association for fermented milk products was found only for the second quintile (median, 12 g/day) (hazard ratio ¼ 0.71, 95% CI: 0.56, 0.91). Compared with nonconsumers, women with 25-75 g/day of butter consumption had a hazard ratio of 1.61 (95% CI: 1.03, 2.50; P trend < 0.01). No association was found with cheese, calcium, lactose, or nonfermented dairy intake. These results provide weak evidence that bladder cancer risk is inversely associated with low intake of fermented dairy products and suggest a positive association with butter intake in women.
Bladder cancer is one of the 10 most commonly occurring malignant diseases in the world (1) . It is reported most commonly in Europe and North America, and the incidence and mortality rank fifth and ninth in Europe, respectively (2) . Men are more frequently affected. The most established risk factors for bladder cancer are cigarette smoking, occupational exposure to arylamines, and schistosomal infection (3) . Various dietary factors have been studied in relation to bladder cancer risk, suggesting a protective effect of fruit and vegetable intake and a possible positive association with fat intake (4) . Although the role of coffee consumption in bladder cancer carcinogenesis is not entirely clear, a positive association is suggested (5, 6) . Consumption of milk and other dairy products has been associated with a decreased bladder cancer incidence (7) . However, studies were inconsistent, showing mostly weak associations. Two case-control studies in Japan and in Central Europe (8, 9 ) and a recent cohort study in a Swedish population (10) suggested a reduced risk in individuals with a high intake of fermented milk products, while no association was seen with yogurt in a Japanese cohort (11) . In randomized trials in Japan, oral Lactobacillus casei strain Shirota was found to decrease the recurrence of superficial bladder cancer (12, 13) . Evidence from animal experiments supports the hypothesis that milk products containing Lactobacillus may inhibit carcinogenesis (14) .
Being a high consumer of milk products, the Dutch population is ideal to study associations with dairy intake. In this study, we investigated whether consumption of milk, milk products, and fermented milk, as well as calcium intake, is associated with the risk of bladder cancer in a large prospective Dutch cohort. We also evaluated possible effect modification by smoking status.
MATERIALS AND METHODS

Study population
The Netherlands Cohort Study on Diet and Cancer is a prospective cohort study that recruited 58,279 men and 62,573 women aged 55-69 years in 1986 (15) . The sample originated from 204 municipal population registries throughout the Netherlands by gender-stratified random sampling. At baseline, a self-administered questionnaire was completed by study participants on dietary habits, medical history, smoking habits, lifestyle characteristics, and other potential risk factors of cancer. A case-cohort design was used (16) ; hence, a random subcohort (n ¼ 5,000) was selected immediately after identification of cohort members and followed biennially for migration and vital status in order to estimate the accumulated person-years of the whole cohort. The choice for the size of the subcohort was based on relative efficiency comparisons of risk ratios that would be obtained from a full cohort study versus a case-cohort design (15) . Ethics approval to conduct the study was obtained from the institutional review boards of the University Hospital Maastricht and TNO Nutrition and Food Research.
Follow-up
Incident cases of bladder cancer were identified during 16.3 years of follow-up of the entire cohort by an annual computerized record linkage with regional cancer registries in the Netherlands and the Dutch National Database of Pathology Reports (15, 17) . The completeness of cancer registries is estimated to be over 95% (18) . Incident bladder cancer cases for this study were defined according to the International Classification of Diseases for Oncology, Third Edition, codes C67.0-C67.9.
Individuals completing the questionnaire and not having cancer (except skin cancer) at baseline were eligible to participate in this analysis. Subjects with an unacceptably incomplete food frequency questionnaire were excluded (19) . The flowchart of case and subcohort selection is shown in Figure 1 .
Assessment of determinants
Dairy intake of participants was derived from questions in the food frequency questionnaire on consumption of milk, yogurt, buttermilk, quark, cheese, butter, and prepared meals that include these food items. The mean daily intake for each subject was calculated from frequencies and serving sizes. The food frequency questionnaire was validated against a 9-day diet record (19) , where Spearman's correlation coefficients for milk products and cheese were 0.60 and 0.61, respectively. The energy-and gender-adjusted Pearson's correlation coefficient for calcium was 0.62.
Information on education (primary school, lower vocational, high school, higher vocational/university), cigarette smoking status (never, former, or current smoker), smoking history (number of cigarettes smoked and duration of smoking), total energy intake (kilojoules/day), body mass index (kg/m 2 ), and nonoccupational physical activity (<30 minutes/day, 30-<60 minutes/day, 60-<90 minutes/day, !90 minutes/day); alcohol, coffee, tea, beverage, meat, fat, vegetable, and fruit consumption; use of vitamin A and/or D supplements; and history of diabetes were derived from the baseline questionnaire.
Statistical analysis
Categories of intake of dairy products, cheese, lactose, and calcium were constructed by using quintiles of consumption based on the distribution in the subcohort. Because of the large number of participants who did not consume butter (65% of the subcohort), intake of butter was categorized by using nonconsumers as the first category and tertiles of distribution for those consuming butter. We also analyzed fermented (yogurt, quark, buttermilk, and sour cream) and nonfermented (whole milk, skimmed milk, condensed milk, cocoa milk, cream, ice cream, and pudding) milk products separately. Because the consumption pattern of cheese is different from that of other fermented milk products (Pearson's correlation coefficient in the subcohort, 0.09), it was analyzed separately. The Cox proportional hazards model was used to estimate hazard ratios and 95% confidence intervals for bladder cancer incidence comparing categories of dairy product and calcium intake. Standard errors were calculated by using a robust variance estimator (20) . The proportional hazard assumption was assessed by plotting Àln(Àln(estimated survivor function)) as a function of time on the logarithmic scale (21) . Analyses were conducted for men and women separately, adjusted for age, and combined, adjusted for age and gender. Separate models were additionally adjusted for smoking status, duration of cigarette smoking (years), number of cigarettes smoked per day, intakes of vegetables (grams per day), fruits (grams per day), meat (grams per day), total beverages (grams per day), fat (grams per day), and total energy (kilojoules per day). The level of education, body mass index, physical activity outside profession, alcohol (grams per day), coffee (yes/no), tea (yes/no), vitamin A intake, and use of vitamin D supplements were also considered as potential confounders but were not included in the final model because of their minor effect on the hazard ratio estimates of dairy products. Tests of linear trend in the hazard ratios were performed by fitting models with the median values of each exposure category as a continuous variable.
Restricted cubic spline analysis was used to further examine the possible nonlinear relation of fermented milk product and butter intake with the risk of bladder cancer. Spline models, as with categorical models of continuous data, have special points, called knots, at which the form of the relation between dairy product intake and risk of bladder cancer is allowed to change. In the case of a cubic spline, the form of the relation between successive knots is a cubic curve. Thus, compared with categorical models where hazard ratios can vary only between categories, with spline models hazard ratios are allowed to vary both between and within categories. We used 3-5 knots, as suggested by Harrell (22) , when constructing spline variables, depending on the proportion of nonzero values in the analysis. We placed 2 outer knots at the fifth and 95th percentiles of the distribution of fermented dairy product intake and the remaining knots at equally spaced quantiles between them. Because of the large number of individuals not consuming butter, for butter intake the first knot was positioned at zero intake, and the rest were equally spaced between the fifth and 95th percentiles of the distribution of butter intake among butter consumers. Models were inspected visually and were compared with models having only a linear effect by using the Wald statistic, in order to determine the significance of departure from linearity.
Interaction of smoking status with dairy intake was analyzed by using cross-product terms in the regression models. For this analysis, category boundaries of fermented dairy product intake were chosen as suggested by the models by use of spline transformation. The Wald statistic was used to test for the presence of interaction.
We also conducted separate analyses for invasive (n ¼ 836) and noninvasive (n ¼ 830) bladder cancer cases. Statistical analyses were conducted by using STATA, release 9, software (StataCorp LP, College Station, Texas). Reported P values are 2 sided. 
RESULTS
Between 1986 and 2002, a total of 1,759 bladder cancer cases were identified in the cohort of the Netherlands Cohort Study on Diet and Cancer, of which 1,549 cases were used in our analysis after exclusion of individuals with inconsistent or missing data ( Figure 1 ). More than 98% of the subcohort members reported consuming milk products, and 73% of men and 85% of women consumed fermented milk products. Women consumed more (P < 0.001) fermented milk products (median, 96 g/day; interquartile range (IQR), 150 g/day) compared with men (median, 53 g/day; IQR, 132 g/day), whereas intake of nonfermented milk products was higher (P < 0.001) in men (median, 185 g/day; IQR, 227 g/day) than in women (median, 155 g/day; IQR, 196 g/day). Baseline characteristics of the study population are presented in Table 1 . Cases were somewhat older at baseline than subcohort members, and current smokers are overrepresented in both male and female cases. Consumption of milk products did not differ substantially between cases and subcohort members, except for the higher proportion of female cases reporting consumption of butter compared with female subcohort members. Energy intake was lower in women compared with men and lower for female cases Abbreviations: IQR, interquartile range; SD, standard deviation. a Includes whole milk (3.7% fat), cream (36%, 20% fat), condensed whole milk, whole milk cocoa, pudding, ice cream, low-fat milk (1.5% fat), skimmed milk (0.1% fat), condensed low-fat milk, and low-fat and skimmed milk cocoa.
b Includes yogurt (3.5% fat), full-fat quark (fresh cheese), sour cream, buttermilk, skimmed yogurt (0.1% fat), and nonfat quark (fresh cheese).
compared with subcohort members. The baseline characteristics were similar comparing invasive bladder cancer cases with cases diagnosed with noninvasive bladder cancer (data not shown).
We did not find a statistically significant association between total milk product consumption and risk of bladder cancer using multivariable Cox proportional hazard models (Tables 2-4 ). When analyzing fermented and nonfermented milk products separately, we detected a significant inverse association only in the second quintile for fermented milk products both in models adjusted for age and gender and in fully adjusted models (Table 2) . Hazard ratio estimates were closer to 1 in higher quintiles and were similar for men and women (Tables 3 and 4) . The test for interaction of fermented milk products and gender was not significant (P ¼ 0.36).
A statistically significant positive association between bladder cancer risk and butter consumption was observed among women but not in men (P interaction ¼ 0.03). The hazard ratio estimate for the highest category (25-75 g/day) in women was 1.61 (95% confidence interval (CI): 1.03, 2.50) in the multivariable model, and there was a significant linear trend (P < 0.01) ( Table 4 ). Cheese consumption, lactose, and calcium intake were not associated with bladder cancer risk.
When invasive bladder cancer cases were analyzed separately, results were similar to those of our main analysis. Adjusted hazard ratios for total milk products were 0. Predicted hazard ratios by use of regression models with restricted cubic spline transformation of fermented milk product intake are presented in Figure 2 . These analyses suggest that an inverse association is present only with low (<90 g/day) intake of fermented milk products. The pattern is similar for men and women. However, the change in risk with change in intake is less pronounced in women, and the confidence intervals are wider. The test comparing the spline model with a linear model did not indicate significant departure from linearity in the range of fermented milk product intake observed in this study (P ¼ 0.13). Spline analysis of butter intake suggests a positive association with bladder cancer risk only in women (Figure 3) . The test for a linear dose-response relation in women did not suggest departure from linearity (P ¼ 0.64).
We tested possible effect modification of smoking status on the association between bladder cancer and dairy product intake. The hazard ratio estimate for fermented milk product consumption in the highest category of intake among smokers was 0.82 (95% CI: 0.62, 1.08) (P interaction ¼ 0.01). Risk estimates among former and never smokers were generally around unity. However, partly because of the low number of cases among never smokers, interval estimates were wide, ranging from 0.54 to 3.97.
DISCUSSION
We have found an inverse relation between risk of bladder cancer and low intake of fermented milk products in a prospective cohort study conducted in the Netherlands, while there was no evidence for association with higher intake of fermented milk products, nonfermented and total dairy products, calcium and lactose intake, and cheese consumption. The lack of a dose-response relation suggests that our finding is not due to a causal association. The magnitudes of associations were similar when models were adjusted for potential confounding variables. We observed a positive association with butter consumption in women but not in men.
Several studies have investigated the relation between milk intake and risk of bladder cancer (7, 23) , and the results of these studies are not unanimously in agreement. A possible explanation for the inconsistent results is that the association of bladder cancer risk may not be invariable across different dairy products. Some studies suggest an inverse association between fermented milk product intake and bladder cancer risk. A recent cohort study showed a 38% lower risk of bladder cancer among those consuming 2 or more servings of fermented milk products compared with those who never consumed fermented dairy products, while there was no association with total dairy products (10). In a case-control study conducted in Japan, an odds ratio of 0.61 (95% CI: 0.38, 0.99) was observed in a comparison of individuals consuming fermented milk products more than 3-4 times a week with those consuming these products 1-2 times a month or less, and there was an odds ratio of 0.46 (95% CI: 0.27, 0.79) among individuals consuming fermented milk products 1-2 times a week versus 1-2 times or less per month (8) . The results of that study are consistent with our findings insofar as the association is stronger with lower levels of fermented milk consumption. Another casecontrol study in a European population showed an inverse association with yogurt consumption (odds ratio ¼ 0.34, 95% CI: 0.12, 0.97) (9) . No association of urothelial cancer was observed with yogurt in a cohort study of a Japanese population (11) . However, they did find an inverse relation with milk consumption that was stronger among those consuming milk 1-4 times a week (hazard ratio ¼ 0.56, 95% CI: 0.33, 0.97) than among individuals consuming ''almost every day'' (hazard ratio ¼ 0.65, 95% CI: 0.42, 1.01) compared with 1-2 times or less per month. In the same cohort, yogurt consumption was not associated with urothelial cancer death (24) . Further research is warranted to elucidate the nature and the dose-response relation between fermented dairy products and bladder cancer risk. Some early epidemiologic studies have shown decreased risk of breast cancer in women consuming fermented milk products (25, 26) , but association is not suggested for ovarian and colorectal cancer risk (27, 28) .
A number of mechanisms could explain the inverse relation between fermented dairy product consumption and bladder cancer risk. Fermented dairy products contain live lactic acid bacteria, and these bacteria have been shown to modulate the immune response in animals (29) (30) (31) , suppress carcinogenesis in rodents (14, 29) , inhibit the activity of enzymes related to carcinogenesis (32) , and bind mutagenic Abbreviations: CI, confidence interval; HR, hazard ratio. a Models are adjusted for age and sex. b Models are adjusted for age and sex and, additionally, for current cigarette smoking status, years of smoking, number of cigarettes smoked, and intakes of vegetables, fruits, meat, beverages, energy, and fat.
c Butter intake was categorized using nonconsumers as the first category and tertiles of distribution for butter consumers. d Butter intake was categorized by using nonconsumers as the first category and tertiles of distribution for butter consumers. and carcinogenic heterocyclic amines (33) . Furthermore, intervention studies in humans showed a decrease in the recurrence of superficial bladder cancer after administration of the Shirota strain of L. casei (12, 13) . Another major component of milk and milk products that can possibly mediate association with cancer risk is lactose. The fermentation process leads to a reduction of the lactose content of milk products and an increase in lactic acid that is in line with differences in associations with fermented and nonfermented dairy products. Animal experiments have suggested a higher incidence of bladder tumors in rats fed with a high-lactose diet (34, 35) . We did not observe an association between dietary lactose intake and bladder cancer risk. There are studies suggesting a positive association between lactose intake and ovarian cancer risk (36, 37) . However, these studies also show a positive association of ovarian cancer risk with total dairy product intake (37) or with skimmed and low-fat milk (36) .
Dairy products are the major source of dietary calcium, and it has been suggested that the cancer risk reduction associated with dairy product consumption could be partly related to calcium intake (7). There is evidence that insufficient supply of dietary calcium might play a role in the development of colon (38, 39) and breast (40) cancer. Our data do not suggest an association between intake of calcium and bladder cancer risk. This is in line with previous findings on bladder cancer (39) . Because calcium metabolism is influenced by sex hormones and thus might be different in pre-and postmenopausal women, and because older people often ingest less than the recommended amount of calcium with their diet (41), our results are applicable to older populations only.
A multicenter case-control study in Spain has shown an association of butter consumption with bladder cancer occurrence in men (for consumers vs. nonconsumers, odds ratio ¼ 1.67, 95% CI: 1.18, 2.35) (42) . In a Japanese cohort study of men and women, no association was detected with butter (11) . Separate analysis by gender was not reported. In a cohort study of American men of Japanese ancestry, butter consumption was analyzed together with cheese and Figure 2 . Hazard ratios (solid line) and 95% confidence intervals (dashed lines) for bladder cancer in men (A) and women (B) as a function of fermented milk product intake estimated by using restricted cubic spline models, the Netherlands Cohort Study on Diet and Cancer, 1986-2002. Knots are placed at equally spaced percentiles of distribution of fermented milk products with the 2 outer knots at the fifth and 95th percentiles. Models are adjusted for age, smoking status, number of cigarettes smoked, smoking duration, and intakes of vegetables, fruits, meat, beverages, energy, and fat. Figure 3 . Hazard ratios (solid line) and 95% confidence intervals (dashed lines) for bladder cancer in men (A) and women (B) as a function of butter intake estimated by using a restricted cubic spline model, the Netherlands Cohort Study on Diet and Cancer, 1986-2002. Knots are placed at zero butter intake and at equally spaced quantiles between the fifth and 95th percentiles of the distribution of butter intake among butter consumers. Models are adjusted for age, smoking status, number of cigarettes smoked, smoking duration, and intakes of vegetables, fruits, meat, beverages, energy, and fat. margarine intake, and the authors did not show an association with bladder cancer risk (43) . Our results suggest a positive association with butter consumption in women even after adjustment for cigarette smoking, energy, and fat intake. The vitamin A content of butter could possibly mediate the association, although adjustment for vitamin A intake did not substantially change the risk estimates. Furthermore, some epidemiologic studies suggest a decreased risk of bladder cancer with an increase in dietary vitamin A intake (4). We did not see such an association in our data. It is unclear what the underlying mechanism of our finding could be. Possibly, it is due to chance. Further research is needed to confirm or reject an association of butter intake with bladder cancer risk.
The strengths of this study include its prospective design and nearly complete follow-up that limits the extent of possible selection bias. Data were available for several nutritional and other factors, which we have used in our analysis to minimize their confounding effect. However, we cannot rule out the possibility of residual confounding by unmeasured risk factors. We have used a semiquantitative food frequency questionnaire to measure dairy consumption, which was found to correlate well with a measurement using dietary records (19) . It is, nonetheless, possible that, because of measurement error, our estimates of associations are attenuated. Another limitation is that repeated exposure measurements during the follow-up of the cohort are not included in our analysis. It is thus possible that changes in dairy product consumption after 1986 resulted in attenuation of our estimates. However, a 5-year reproducibility study of the food frequency questionnaire suggested stable dietary intake in our cohort for most nutrients (44) .
We conclude that the analysis of this large prospective cohort does not support an inverse relation between overall dietary milk product intake and risk of developing bladder cancer. There are a weak indication of an inverse, possibly noncausal association with low intake of fermented milk products and a positive association with butter consumption in women. Further research is necessary to investigate the possible effect of fermented milk on carcinogenesis and to identify the components of butter or other factors associated with butter consumption that might be responsible for the association with bladder cancer risk.
